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The purpose of this paper is to report observations on the capacity of serum 
of mice developing paralysis  after  intracerebral  inoculation  with  the Lansing 
strain of poliomyelitis virus to neutralize tiie same virus (thus protecting normal 
mice against  infection)  and  to report  certain  experiments  attempting  to char- 
acterize  the neutralizing  principle. 
Materials and Methods 
A stock virus suspension was prepared from cords and medullae of mice paralyzed following 
intracerebral inoculation of the Lansing strain of the virus of poliomyelitis.  The tissue was 
minced, ground in mortars, and suspended in physiological salt solution to a concentration of 
20 per cent by weight.  Following centrifugation at 2000 R.P.~. for 15 minutes small portions 
were placed in tubes, stoppered, and kept frozen at  -70°C. until used. 
Blood was obtained by direct cardiac puncture from mice anesthetized with ether.  The 
blood was allowed to clot and stand overnight at 4°C. following which it was centrifuged and 
the  serum  removed.  All sera  were either  tested  immediately or were  frozen at  --70°C. 
until used. 
For the neutralization test virus was thawed and diluted to the strength desired, usually 
10 per cent, in physiological salt solution or buffered saline.  This was mixed in equal quanti- 
ties with the serum to be tested and the mixtures incubated at 37"C. in a  water bath  for 
45 minutes.  0.03  cc. of each mixture was inoculated intracerebrally into white mice 3  to 
4  weeks of age.  The number of mice receiving each dilution was usually 8 and never less 
than  6.  Occasionally larger numbers  were used.  Mice were examined daily for paralysis 
and observed for 30 days before the survivors were discarded. 
The Protective Action of Serum of Paralyzed Mice 
Experiment 1..--148 mice were inoculated intracerebrally with 0.03 cc. of 10 per cent virus 
in buffered saline at pH =* 3.73.  Paralysis was first observed 2 days following inoculation. 
On the 2nd day and each day thereafter the mice developing paralysis on those respective 
days were anesthetized and bled.  80 per cent of the mice were either dead or paralyzed by 
the 7th day and 94 per cent by the 12th day following inoculation.  Bleeding was considered 
impractical when fewer than 5 paralyzed mice were available. 
Serum was obtained daily from normal mice of the same age and weight. 
The greatest incidence of paralysis occurred on the 6th day and following the 7th day a 
marked reduction in the rate of paralysis was observed. 
Neutralization tests were performed with the sera and stock virus in mixtures diluted so 
as to give a final concentration of 5 per cent virus and 1 : 2 serum.  Sera from mice paralyzed 
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on the 3rd, 4th, and 5th days after inoculation and from normal mice were each tested on the 
day after bleeding while sera taken on the 6th and 7th days were tested at one time and sera 
taken on the 8th and 9th days were also tested on the same day.  For each set of sera an 
additional group of control mice was inoculated with a  5  per cent suspension of virus in 
physiological salt solution which had been similarly incubated. 
Table I shows the results of the tests.  Of 27 mice receiving virus and' serum 
of animals paralyzed on the 3rd, 4th, 5th, and 6th days, 21 survived.  One of 
23 mice receiving normal serum and virus survived.  Of 24 mice given virus 
and serum from animals paralyzed on the 7th, 8th, and 9th days, only 6 sur- 
vived as did 1 of 16 mice receiving normal serum and virus. 
TABLE I 
Survival  of Mice Following Inoculation of 5 Per Cen~ Virus-Serum Mixture* 
Mice inoculated with 10 per cent virus-buffer  Virus plus 
suspension 
Serum from 
Saline  Time after 
inoculation 
days 
2 
3 
4 
5 
6 
7 
8 
9 
Dead or mralyzed 
' Daily  Total 
~er ¢¢.t  per cog 
6  6 
5  11 
11  22 
18  40 
24  64 
16  80 
6  86 
3  89 
Paralyzed mice 
4/4* 
6/7 
5/8 
5/8 
3/8 
0/8 
3/8 
Normal mice 
0/3 
0/4 
1/8 
O/8 
1/8 
0/8 
0/8 
0/8 
o/s 
0/7 
* Numerator ~- number of mice surviving; denominator =  number of mice inoculated. 
~perimog//.--98  mice were inoculated intracerebrally with 0.03 cc. of 5 per cent stock 
virus in saline.  Paralysis was first observed on the 3rd day and blood was obtained from 
mice paralyzed on each successive day when a sufficient number was available.  The greatest 
incidence of paralysis occurred on the 5th day and 80 per cent of the mice were dead or 
paralyzed by the 10th day. 
Neutralization tests were made employing two dilutions of serum with a final concentration 
Of 5 per cent virus.  Sera from mice paralyzed on the 4th and 5th days were tested on the 
same day.  All other sera were tested the day after bleeding. 
Table II presents the results of the tests.  In the five groups of mice receiving 
a mixture of virus and undiluted serum from mice paralyzed between the 4th 
and 8th days inclusive, 24 of the 40 mice survived; while in the groups of 40 
mice receiving virus and the  1:5  dilution of serum from paralyzed mice, or 
virus and undiluted or 1:5 serum from normal mice, 7, 5, and 5, respectively, 
survived.  Four of 32 mice receiving virus and salt solution survived.  The 
survival rate in animals receiving virus and serum of mice paralyzed after the GORDON C.  BROWN AND THOMAS ~"RANCIS~ JR.  163 
8th day differed in no respect from that in groups receiving virus and serum 
from normal mice or saline. 
Although these results were not as sharp-cut as those of the first experiment, 
over 50 per cent of the mice receiving the mixture of virus and undiluted serum 
obtained on the 4th to 8th days, survived. 
In view of the demonstration that the serum of mice acutely affected by the 
intmcerebral inoculation  of poliomyelitis  virus possesses the capacity to protect 
normal mice against the virus it was of interest to determine whether physi- 
ological disturbances incident to  intracerebral inoculation might explain the 
phenomenon. 
TABLE II 
Survival of Mice Following Inoculation of 5 Per Cent Virus-Serum  Mixtures 
Mice  inoculated with $ per cent  Virus plus 
virus-saline suspenslon 
Dead or paralyzed  Serum from 
Time  after 
inoculation 
d~s 
4 
5 
6 
7 
8 
9 
10 
12 
14 
Daily  Total 
per cenit  per cent 
13  13 
19  32 
7  4O 
14  54 
8  62 
9  72 
6  80 
2  81 
2  83 
Paralyzed mice 
__  I:  2.______~* 
7/8 
4/8 
4/8 
4/8 
5/8 
I/8 
1/8 
2/8 
I/8 
1:10 
3/8 
1/8 
1/8 
i/8 
1/8 
0/8 
1/8 
2/8 
0/8 
Normal mice 
__  I: _L  - 
3/8  1/8 
1/8  1/8 
1/8  1/8 
0/8  0/8 
0/8  2/8 
~/8  3/8 
2/8  1/8 
1/8  0/8 
1/8  218 
Saline 
o/s 
o/8 
1/8 
3/8 
0/8 
o/8 
2/8 
o/8 
* Dilutions of serum are stated as final dilutions. 
Comparison of Sera from Paralyzed Mice and Mice Inoculated with Normal Tissue 
Experiment  III.--50 mice were inoculated with  10 per cent virus in buffered saline at 
pH ffi 3.73.  In addition 50 mice received inoculations of a 10 per cent buffered suspension 
of normal mouse brain and cord. 
Paralysis started on the 4th day in the mice receiving virus and bleedings were made on 
the 4th, 5th, 6th, 7th, and 9th days.  Again the peak of incidence of paralysis occurred on 
the 5th day after inoculation and 76 per cent of the mice were dead or paralyzed  by the 7th 
day.  Mice which received normal tissue suspension, although showing no symptoms, were 
bled at the same time. 
Neutralization  tests employing two dilutions of each serum were done.  Sera from mice 
paralyzed on the 4th, 5th, and 6th days were tested at the same time.  Those obtained on 
the 7th and 9th days were tested separately. 
The results are presented in Table III.  It is seen again that a  high rate of 
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5th, and 6th days, whereas no effect was noted in mice receiving the serum of 
normal mice or of animals inoculated intracerebraUy with normal mouse tissue. 
Effect of Fasting on Serum of Mice 
Inasmuch as  mice  which  have been  injected intmcerebrally and develop 
paralysis do not eat or drink as well as normal, uninoculated mice, it was of 
interest to investigate the possibility  that the concentration of serum might 
be responsible for the neutralizing effect. 
Experiment Ig.--Food and fluid were withheld from a  group of  12 mice while another 
group of 12 were given their normal diet.  On the 5th day of fasting both groups were bled. 
Hematocrit determinations revealed that the blood of the fasted mice contained 12 per cent 
less serum than did the blood of mice fed the usual bread and milk diet.  Neutralization tests 
TABLE  III 
Survival of Mice Following Inoculation  of 5 Per Cent Virus-Serum Mixture~ 
! 
Mice inoculated  with 10 per cent  ] 
buffered vires  Virus  plus 
I  '  Serum from 
Dead or paralyzed  Mice inoculated 
Paralyzed mice  with normal tissue  Time after 
inoculation 
da~,J 
4 
5 
6 
7 
9 
Ea?y 
I  per ce~ 
12 
28 
24 
12 
2 
Total 
per cent 
12 
76 
78 
1:2  1:10 
4/8  1/8 
8/8  6/8 
s/8  s/8 
3/8  o/8 
218  118 
1:2  1:10 
1/8  t/8 
2/8  1/8 
o/8  s/8 
2/8  0/8 
1/8  o/8 
Normal mice 
1:2  l 
0/8 
0/8 
0/8 
0/8 
1/8 
1:10 
1/8 
0/8 
2/8 
0/8 
0/8 
Saline 
o/8 
1/8 
o/8 
employing these sera and 5 per cent virus, however, revealed no significant difference in the 
effect of the two lots of serum upon the survival of mice. 
Tests witk Serum of Infected Mice before and after Paralysis 
Since the greatest incidence  of paralysis seemed to occur on the 5th day 
following inoculation while the highest rate of survival in mice was obtained 
in those receiving virus and serum from mice paralyzed on the 4th day, it 
seemed of value to search for the neutralizing effect in the serum of mice in- 
fected but not yet paralyzed. 
Experiment V.--150 mice were inoculated with a  5 per cent suspension of virus in saline 
and another 150 received the same material in a 1 per cent suspension.  Of the mice inoculated 
with the 5 per cent suspension the peak of paralysis occurred on the 5th day and 99 per cent 
of the mice (not including  those bled as non-paralyzed) were dead or paralyzed by the 7th day. 
The 1 per cent suspension of virus killed or paralyzed 51 per cent of the mice in 7 days and 
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Mice paralyzed on the 4th, 5th, 6th, and 7th days following inoculation of the 5 per cent 
material were bled.  At the same time non-paralyzed mice from the same groups were bled. 
Undiluted and 1  : 5 dilutions of each serum were mixed with each of two virus suspensions so 
as to give final concentrations of 5 and 2 per cent.  Each mixture was given intracerebrally 
to a group of 8 mice.  All tests were done at the same time. 
Mice paralyzed on the 5th,  6th,  7th, and 9th days after inoculation of 1 per cent virus 
were bled and with the exception of the 5th day, serum was also obtained from non-paralyzed 
mice.  These sera were all tested on the same day against both 5 and 2 per cent suspensions 
of virus. 
Table IV shows that serum from mice paralyzed on the 4th, 5th, and 6th 
days following inoculation of 5  per cent virus gave some protection against 
both concentrations of virus used in the test.  Sera from non-paralyzed mice 
also manifested some neutralizing power.  It will be noted that the protection 
with serum obtained from non-paralyzed mice on any given day was about the 
same as that with serum from mice which became paralyzed on the following 
day.  This fact  seems  logical when it is  realized that  some or  all the  non- 
paralyzed mice on any given day might well have been paralyzed the next day 
if not sacrificed. 
Serum from mice paralyzed on the 5th day following inoculation of  1 per 
cent  virus  showed  protection  against  both  concentrations of  virus.  Later 
bleedings in this series appeared to be less protective as did all bleedings of 
non-paralyzed mice in the group.  Several of these sera were retested under 
the same conditions with the exception that 20 mice were inoculated with each 
mixture.  The  results  tended  to  parallel  those  obtained  employing 8  mice 
per dilution. 
Effect of Different Temperatures of Incubation 
In all the foregoing neutralization  tests serum-virus mixtures were incubated 
at 37°C. for 45 minutes.  An experiment was designed to compare the effects 
at this temperature with those observed after standing at room and ice box 
temperatures. 
Experiment VI.--IO0 mice were inoculated with 5 per cent virus in saline.  On the Ist 
and 2nd days, although no paralysis occurred,  serum was obtained.  Paralysis first appeared 
on the 3rd day and by the 7th day 67 per cent of the mice were either paralyzed or dead. 
Daily bleedings were made during this period. 
Each serum in final dilutions of 1:2 and 1:10 was exposed to 5 per cent virus at 37°C. 
for 45 minutes, 20°C. for 5 hours, and 4°C. for 26 hours.  Control mixtures of virus in salt 
solution and in normal mouse serum were also incubated in the same manner.  The mixtures 
were all made at the same time and the 37  ° and 20  ° groups were inoculated on the same day. 
The mixtures incubated at ice box temperature were inoculated the following day.  Six mice 
were employed for each mixture. 
Table V  shows that the temperature of incubation appears to influence the 
virus-neutralizing capacity of  the  serum.  When virus-serum mixtures were 155  POLIOMYELITIS  VIRUS-NEUTRALIZInG  ACTION  O~  SERUM 
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incubated at 37°C. for 45 minutes a definite degree of protection was obtained 
with serum from mice paralyzed 3 to 7 days after inoculation.  After mixtures 
had stood at room temperature for 5 hours there appeared to be some protection 
afforded by serum collected from mice on the 2nd and 4th days but it was 
most evident in serum from mice bled on the 6th and 7th days.  In mixtures 
with virus at 4°C. for 26 hours the protective influence of the various sera 
appeared somewhat less pronounced. 
Thus, while the antiviral effect of paralyzed mouse serum seemed to persist 
under these varied conditions it appeared to be most consistent after incubation 
at 37°C. for 45 minutes.  This indicates that adsorptive processes which might 
be enhanced with longer exposure at lower temperatures did not represent the 
essential mechanism of the serum's action. 
Effect of Heat.--From  time to time throughout the course of the study sera 
which showed neutralizing action were heated to 56°C.  for 30 minutes before 
TABLE  V 
Elect  of  Different  Incubation  Temperatures  on  the  Neutralisallon  Test 
Conditions  of 
incubation 
37°C.--45 rain  .... 
20°C.~5 hrs  ...... 
4°C.--26 hrs ...... 
irus in 
18~n~ 
0/6 
0/6 
0/6 
Serum obtained--days after inoculation 
1:2  1:10 1:211=10 1:2 1:10 1:211:10 I=2 1:10 1:2 1:10 1=2 1:10 h2[l:10 
0/6 [0[6[0/6[0[613/6[0[6[1[6[0[6{3[6[0[612[611/6]5/6[1/615/6[0/6 
0/6 io/611/61o/6[o/61o/612/611/6[3/6[o/613/61o/614/61o/611/611/6 
* Numerator =- number of mice surviving; denominator ffi number of mice inoculated. 
testing.  No consistent influence upon the protective action could be discerned, 
although at times a  reduction in the neutralizing effect has  been noted. 
DISCUSSION 
With virus diseases in which  they are  detectable, neutralizing antibodies 
tend commonly to  develop as  the  clinical disease subsides  and  are  usually 
interpreted as evidence of the immune response of the individual. 
The neutralizing action of the serum of paralyzed mice against the Lansing 
strain of poliomyelitis virus which caused the disease is, therefore, contrary to 
that usually observed.  Furthermore, such an action is detectable shortly be- 
fore the onset of signs of illness in the animal from which the serum came. 
Still more unusual is the fact that this neutralizing action is present only in 
serum of mice paralyzed within a few days after inoculation, and as the incuba- 
tion period lengthens there is a marked decrease in it.  This fact is portrayed 
in Fig. I which compares the combined results of neutralization tests, employing 
altogether 576 mice, with the paralysis rate of 587 mice inoculated with virus 168  POLIOMYELITIS  VIRUS-NEUTRALIZING  ACTION  OZF  SF.RU~ 
alone.  It will be seen that  serum obtained on the  1st  and  2nd days after 
inoculation was  inactive but that with serum obtained from mice paralyzed 
on the 4th day the greatest protection (60 per cent), as measured in terms of 
mice surviving inoculation of serum-virus mixtures, was reached.  Thereafter 
a steady decrease in activity occurred and by the 10th day ~ost inoculum  the 
serum of paralyzed mice protected only 12 per cent of the mice against the 
test dose of virus.  This curve is quite similar to that which is obtained by 
plotting the per cent of paralysis by days following the inoculation of virus 
alone.  The greatest percentage of paralysis occurred on the Sth day following 
which the rate decreased steadily.  Thus, the maximum neutralizing activity 
of the serum seemed to precede by 1 day the greatest incidence of paralysis. 
This fact accords with the neutralizing action of serum obtained from infected 
but not as yet paralyzed mice. 
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FIG.  1.  Relationship between development of virus-neutralizing substance in serum and 
onset of paralysis in mice infected with Lansing strain of poliomyelitis.  ,  ,  per cent 
survival of mice receiving mixtures of virus and serum from  mice paralyzed on various days 
fo|lowing inoculation.  - ....  , per cent mice dead or paralyzed after inoculation of Lansing 
strain of virus. 
The peculiar fact  that  Lansing  virus  is  neutralized by serum  from mice 
paralyzed within a  few days of inoculation and much less if at all by serum 
from mice developing paralysis after a longer incubation period may have an 
analogy in the human disease.  In neutralization tests with Lansing virus and 
human sera obtained in the acute stage, and 1 month later and 1 year later 
from a  group of 11 cases of poliomyelitis, the neutralizing titer was found to 
be greater during the acute stage  and had definitely decreased 1 year after 
the disease in 7 of the cases.  In only 1 of the cases was the titer of the con- 
valescent serum higher than that of the acute stage serum (unpublished data). 
It is not thought that the neutralizing substances in the serum of paralyzed 
mice represent an immune response to the virus antigen.  However, the virus- GORDON C.  BROWN AND THO~.AS ]~RANCIS~ JR.  169 
neutralizing action does seem to be a  specific response to the virus itself and 
not to the introduction of the nervous tissue.  This is borne out by the fact 
that  serum  of mice  inoculated with  normal  brain  and  cord tissue  failed to 
neutralize the virus to any greater extent than did the serum of normal un- 
inoculated mice. 
SUMMARY 
Evidence is presented that the serum of mice paralyzed with the Lansing 
strain  of poliomyelitis virus  possesses  the  capacity  to protect normal mice 
against the same virus when mixtures of virus and serum are inoculated intra- 
cerebrally. 
The virus-neutralizing action was present mainly in mice paralyzed between 
the 3rd and 6th days following inoculation and was rarely demonstrable in the 
serum of mice developing paralysis more than 10 days after inoculation. 
Serum from non-paralyzed mice had  approximately the same neutralizing 
capacity when obtained during the same period following inoculation in which 
serum from paralyzed mice showed the greatest effect. 
Neutralization of the virus was not obtained with serum from normal mice 
or from mice inoculated with normal nervous tissue. 
Further investigation of the phenomenon is in progress. 